INTRODUCTION

Metallothioneins
(MTs) are low-molecular-weight cysteine-rich proteins that bind such metals as Cd++, Zn++ and Cu++1). Synthesis of thioneins, the apoprotein moieties of MTs, is induced when animals or cultured cells are exposed to these metals. Because of this characteristic, it has been postulated that MTs have a protective role against toxic heavy metals, or are involved in the metabolism of essential metals1). We previously reported that cellular MT levels after Cd"-exposure are quite variable in livers of mice of different strains2) and in various cultured cell lines3). For further study of the significance of these variations, a convenient method for measuring newly synthesized thioneins is required. Slab gel electrophoresis of proteins labeled with a radioactive amino acid is suitable for this purpose, since multiple samples can be treated in a short time. In this report, we examine the usefulness of this method, using Cd++-exposed rabbit kidney cell cultures. MATERIALS 
RESULTS
Thioneins are rich in sulfhydryl (SH) residues of cysteines and easily form intermolecular S-S linkages, which makes their analysis by sodium dodecyl sulphate (SDS)-gel electrophoresis difficult. To circumvent this problem, particularly in the analysis of cell-free translation products of thionein mRNAs, the SH residues of the proteins are blocked before electrophoresis7,8). This treatment involves dissociation of metals from the proteins as well as reduction of their SH residues by denaturants such as SDS or guanidine hydrochloride and reducing agents such as dithiothreitol or dithioerythritol (DTE), and carboxymethylation of the residues by incubation with iodoacetic acid (IA).
We modified thioneins by this procedure, in which SDS, DTE and IA were added in the amounts of 2%, 20 mM and 150 mM in the final reaction mixture, respectively. The concentration of the DTE is equivalent to that of SH residues contained in about 13 mg of MT per ml. The amount of IA added was 7.5 times that of DTE. Under these conditions, at least 1.6 mg/ml in the final reaction mixture of purified rabbit liver MT-I was completely carboxymethylated, and was detected as a single protein band when electrophoresed on an SDS-polyacrylamide gel (see below). The protein had to be boiled in the presence of DTE for 5 min; otherwise another protein band, which is assumed to be an aggregated form of MT-I resulting from incomplete reduction of its SH residues, was also detected.
35S-cysteine-labeled proteins in the cytosols of the Cd"-treated and untreated RK-13 cells were carboxymethylated as above and electrophoresed on an SDSpolyacrylamide slab gel. The fluorogram prepared from the gel is shown in Figure 1 . The electrophoretic pattern of the carboxymethylated cytosol from the Cd++-treated cells showed a definite protein band that migrated with the authentic rabbit liver MTs (Figure 1, lane 1) , while the pattern of non-carboxymethylated cytosol did not ( Figure 1, lane 2) . This band was absent from the pattern of Fig. 1 the carboxymethylated cytosol of the untreated control cells (Figure 1, lane 3 ) , indicating its specific induction after Cd++ exposure. This putative thionein band actually represents thioneins, as confirmed by amino acid analysis of the purified proteins (to be published).
Thus, thioneins induced in the Cd++-exposed RK-13 cells could be detected by electrophoresis subsequent to carboxymethylation. It is not clear where the thioneins were located on the fluorogram of the noncarboxymethylated cytosol from the Cd"-exposed cells ( Figure 1, lane 2 ) . No apparent difference was found between the electrophoretic patterns of the noncarboxymethylated cytosols from the Cd"-treated and untreated cells (compare lanes 2 and 4 in Figure 1) , suggesting that the thioneins were smeared all over the lane, possibly by forming S-S linkages with other thionein molecules or other proteins.
In fact, thioneins purified from livers of mice or rabbits were often Moreover, we found that the two isometallothioneins (isoMTs), MT-I and MT-II, could be separated by this procedure, though they are usually detected as a single band if electrophoresed together (see refs. 7 and 8, and Figure 1 ). As indicated in Figure 3A , MT-I and MT-II purified from livers of mice or rabbits showed different mobilities on the SDS-gel, when detected by dye-staining.
The molecular weights determined by using the standard curve of marker proteins were 5.5, 4.7, 5.8 and 5.1 kdaltons for mouse MT-I and MT-II, and rabbit MT-I and MT-II, respectively (these values are somewhat smaller than those previously reported5,9), possibly because of high negative charge in the carboxymethyl residues, as discussed by Andersen and Weser7) ).
Separation
of 35S-labeled isoMTs on the fluorograms was more difficult than on stained gels, since the bands were more diffuse. However, it is possible to separate isoMTs by using longer gels, even when they are electrophoresed together. Figure  3B shows 
